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tive days," but he obtained no information on the locations of individuals once they had left one of the temporary dens. This paper reports primarily on the distributions of daily resting sites for four raccoons in east central Minnesota during October and November 1964. Additional information is included on three other individuals studied only in November.
THE STUDY AREA
This investigation was carried out on the Cedar Creek Natural History Area, 30 miles N of Minneapolis, Minnesota, in Anoka and Isanti counties. The topography is flat to gently rolling, with sandy upland areas interspersed with bogs, cattail (Typha latifolia) marshes, swamps, four small lakes, a creek and a drainage ditch. Bray et al. (1959) classified the upland cover as tall-grass prairie, deciduous-angiosperm savanna and forest and mixed conifer-angiosperm forest. The predominant upland trees are oaks (Quercus macrocarpa, Q. ellipsoidalis, Q. alba, Q. rubra) and pines (Pinus strobus, P. resinosa), with scattered sugar maples (Acer saccharum) and basswood (Tilia americana) and with a dense hazel (Corylus cornuta, C. americana) understory. White cedar (Thuia occidentalis), tamarack (Larix laricina) and alder (Alnus rugosa) dominate the lowland forest, with such associated species as red osier (Cornus stolonifera), willow (Salix spp.), white birch (Betula papyrifera) and aspen (Populus tremuloides). General references describing this area are Pierce (1954), Moore (1952) and Marshall (1963) .
Temperatures during the study period (25 September to 27 November) varied from -2? to 78? F, with daily highs averaging 50? F and lows, 31? F. Total precipitation was 1.5 inches, the greatest sustained rainfall being 0.15 inches in 5 hr on 11 October. Light snow fell on 19 and 28 October and 18 November and melted quickly. On 25-26 November, 7 inches fell and remained. All weather data are from the official U. S. Weather Bureau Station on the study area, within 2 miles of all the study animals.
METHODS
Study animals were live-trapped, anesthetized with sodium pentobarbital (Mech, 1965) , weighed, sexed and aged. Young-of-the-year were distinguished from yearlings and adults by weight, for we have found that all known yearlings or adults are several pounds heavier than known young-of-the-year at any given time. The animals were tagged with radio-transmitter collars (of individual frequencies) weighing 100 to 125 g (Cochran and Lord, 1963; Mech et al., 1965) , and were released where captured. An automatic tracking system (Cochran et al., 1965 ) recorded on microfilm the approximate locations of these animals in terms of angular coordinates from each of two towers 0.5 miles apart, bearing antennas that rotate at 1/3 rpm. The film was read manually in a microfilm reader to the nearest degree, three locations, or "fixes," being taken for each animal each day whenever possible, at about 0930, 1200 and 1500 hr. In all but a few cases the fixes taken for each animal did not vary more than 1? during any day. When two fixes varied more than this, the animal was considered active during the day, and a resting site was not recorded.
Because this tracking system depends on triangulation to locate an animal, a misreading of the film record by 1?, which sometimes occurs, produces different distance errors in various parts of the coordinate system. For instance, in certain areas near one of the towers, a 1? error amounts to only 10 ft, whereas 2 miles from the towers, it might mean 800 ft. Near an imaginary line connecting the two towers and extending beyond them, called the baseline, a 1? error can be as much as 1/ mile. Even without the 1? film-reading error there is a possible error of as much as 0.5? because an animal is rarely found where an exact intersect falls (Heezen, 1965), yet the film is read only to the nearest degree. Thus in some areas, locations 200 ft apart appear as the same point to the system. Sargeant et al. (1965) classified the study area into zones within which an error of 1? would amount to certain maximum distances; e.g., their 400-ft zone is the area in which a 1? misreading gives an error of not more than 400 ft. They also found that actual errors are seldom as large as this maximum distance, and that they average much less ( Table 1) . The resting sites were plotted manually by triangulation on a 1:4,800-scale map. Distance parameters were determined by hand from these maps and from the angular-coordinate data by a digital computer, the program being a modification of that discussed by Tester and Siniff (1965) . Greatest length is defined as the distance between the two most extreme points in the distribution, and greatest width the sum of the perpendicular distances from the greatest length line to the point farthest from it on each side. The geometric center of all points is calculated in the same way as the point called "center of activity" by Hayne (1949) . The distance between the geometric center and any resting site is referred to as an activity radius. Daily distance is the straight-line distance between consecutive resting sites.
Daily distances and activity radii were plotted by date for each study ani- Table 1 . Table 2 compares the distance parameters for these animals. Thirty-eight resting sites were located precisely with portable receivers and were classified.
This discussion pertains only to resting sites and the movement information that can be inferred from them. For example, the outermost points in the distributions do not mean necessarily that the individuals did not venture beyond them during the study period. Also, since the map points are approximate, precise information on the relative use of various cover types for resting sites cannot always be ascertained. However, since the errors are random in direction, the distance parameters should not be affected by them. Also, compared with the magnitude of most of the daily distances, the amount of possible error is insignificant in most cases (Table 1) . Fig. 6 shows the frequency distributions of the daily distances between resting sites, and Fig. 7 indicates the frequency distributions of activity radii determined from the resting site locations for individuals 601, 603, 604 and 605. These figures indicate little similarity among individuals and give some idea of the type of individual variation one can expect. Data such as these are essential in detailed studies of the relation of these distributions to various probability functions, and the individual variation observed here gives a good notion of the biases that will occur if data from many individuals are pooled.
There was great similarity among all four individuals in the relations of both the mean and the maximum daily distances between consecutive resting sites and the greatest length of each distribution. That is, the individuals having the most extensive distribution of resting sites also had greater distances between their daily resting sites, and vice versa. This is shown by the consistencies of the ratios in Table 2 . If this were not the case, the distributions of daily distances for 601 and 603 would look like those of 604 and 605 (Fig. 6 ) in that they would be much less extensive than they are.
The mean and maximum daily distances also give some indication of the amount of daily travel since these are minimum distances traveled in a night. Both 601 and 603 at times traveled at least 1 mile in a night and averaged at least /2 mile. No doubt such distances are much less than those actually traveled. Data are available from which the total distance traveled can be estimated, but more extensive analyses are required than can be considered at present. From 3-26 November, when animals 603, 604 and 605 were studied simultaneously, there was extensive overlap in area used for resting sites by all three (Fig. 1) . In fact, the geometric centers for 604 and 605 were only 640 ft apart. However, the closest any individual rested to either of the others was 400 ft, and 82% of the distances between the resting sites of any two of these individuals during the same day were over 2,000 ft. The mean distance between daily resting sites for 603 and 604 was 4,229 ft; for 603 and 605, 3,176 ft; and for 604 and 605, 2,487 ft. We do not know how many other raccoons shared this area, although later studies indicated there were several. Without information on the resting sites of such individuals, we cannot claim that our study animals spaced their resting sites a certain minimum distance from all other raccoons during any given day. Nevertheless, these data do suggest this.
While there were substantial differences among individuals when considering the temporal and spatial distributions of their resting sites ( 1956). In our study area, there were many hollow trees and ground holes that seemed suitable for raccoon denning, so the high degree of use of lowland ground beds appears to have been by choice.
Another similarity is that all the study animals shifted resting sites almost every day and followed no readily predictable patterns in doing so (Figs.  2-5) . The only mention of this habit that we could find was that quoted previously from Cabalka (1952: 16) . Only a few sites were used more than once, as far as could be determined, but certain areas were used more frequently than others. We think that in most cases loose groups of points indicate that the animal was using the same general area but different resting sites within it, and that duplicate readings of an intersect usually meant that an animal was using the same resting site each time. (1952) believed that other factors are also involved in triggering the onset of winter denning.
INDIVIDUAL ACCOUNTS
Raccoon 601.-This young female weighing 10 lb was captured 23 September 1964, radio-tagged, and released at the capture point. We do not know if she promptly rejoined her littermates or mother, but this is a possibility. On 12 December she was found in a hollow tree with two other young raccoons of about the same weight. Thus, information presented on her may also pertain to the entire litter (Fig..2) were greater than those of the other study animals and were two to three times as great as those of 604, another young female (Table 2 ). Such great differences may be because cover in 601's area was much more sparse than in the other animals' areas and because, according to data obtained since this study, 601's area has a lower density of raccoons.
Some of the extensiveness of 601's distribution seems to have been caused by our field checks of specific resting sites. We made field checks on this animal 21 times: points 1, 2, 7, 11, 14-18, 20, 24, 27, 28, 31, 33, 34, 39, 40,  42, 48, 53 (Fig. 2) . For 14 of these times we have data on the distance between the resting site checked and the next day's resting site. The mean of these daily distances was 3,675 ft; the mean of the daily distances determined by telemetry was 2,176 ft. These means are significantly different (P < 0.05). However, it is obvious that this animal had a naturally extensive distribution of resting sites, as shown by the mean distance between sites located strictly by telemetry.
The significantly larger mean daily distance after field checks suggests that the animal was aware of the presence of the field worker in most cases. It is easy to understand how she might have been disturbed when resting in cattail marshes, for we often approached noisily to within 50 ft. However, Table 1 for accuracy qualifications. apparently even when in hollow trees, she also detected the field worker's presence. The mean daily distance after she was located in trees seven times via field checks was 3,716 ft, about the same as the mean for daily distances after which she was located by all field checks. In all cases except one, we tried not to disturb the animal, although we were aware that she was disturbed five times, all in cattail marshes. When she was in a tree, the tree was not touched; her presence in the den was determined strictly by radiosignal behavior. She may have detected our presence by scent after leaving the tree. Probably the main manner in which the field checks affected the daily distances was by causing the raccoon on the next day to avoid the general area in which she had been disturbed.
Field checks on 601 (Fig. 2) were made 14 times when she was in cattail marshes, 6 times when in hollow trees and once while in a squirrel's nest. Since these checks were not made at random, no figures on percentage of use of each type can be derived. Mech frightened the animal out of a resting site in cattails once and examined th,e site (point 48). There were two beds of padded-down cattail leaves and fluff in the middle of a thick stand of tall cattails, and a few scats nearby. Well-used runways extended from this area for several yards. On 26 November, 601 denned in a hollow tree with two other raccoons, where she stayed until disturbed on 12 December. Raccoon 603.-This individual was a 26-lb adult male that appeared very old. All his canines and upper incisors were either broken or worn to the gumline; his lower incisors, molars and premolars were well worn. He was very docile, and did not snap, growl or attempt to bite as other trapped raccoons had. He was captured, radio-tagged and released on 9 October.
The distribution of 603's resting sites was almost as extensive as that of 601's ( Fig. 3 and Table 2 ). The area over which the resting sites were distributed is more diverse than that of any of the other study animals. Besides including several cedar, alder and tamarack swamps, it contains stands of mature oaks and of large pines, and of both fallow and cultivated fields. Several other raccoons of various ages and sexes frequented this area early in the spring of 1965 and probably inhabited it during the study period.
Within 603's distribution of resting sites are two main concentrations of points, one group in an extensive cedar swamp at the westernmost corner of the distribution and the other in an alder swamp (e.g., points 15, 35, 43, Fig. 3) . Most of the other points were also located in swamps. Despite the concentrations of points in certain areas, 603 did not rest during more than two consecutive days in the same general area. His most common pattern was to rest in the westernmost area during one day, shift to some other area the next day and then return to the first area (Fig. 3B) . Another pattern was the clockwise progression of resting sites (points 4-9 and 15-20, Fig. 3A) .
We made four field checks on 603 (points 3, 7, 9, 46, Fig. 3 ), but chased him and examined his bedding area only once. There were two beds beneath a blown-down tree, screened with tall grasses. Both other times that 603 was seen bedding in a swamp, he was under a blown-down tree. On 27 November, about the beginning of the winter denning period, he denned in a hollow oak (point 46, Fig. 3C ), where a field check on 1 December confirmed his presence. Raccoon 604.-Animal 604 was a young female weighing 9 lb when captured on 13 October; she was released on 14 October. On 1 December, she was found with two other young raccoons assumed to be littermates, so probably the following information applies to them also. This individual's resting sites were located almost exclusively in an extensive cedar swamp. Of the 39 locations (Fig. 4) , only points 29, 36 and 32 could be considered definitely in upland woods, with points 25, 28, 33, 34, 35, 37 and 39 also possibly being in upland woods; all other points are definitely in cedar swamp. On all four occasions when 604's resting sites were located precisely, before winter denning, they were beneath blown-down trees within the swamp (points 1, 3, 4, 5; Fig. 4) .
Like the other individuals, 604 had certain general areas which she frequented most often. Most of the time, however, she did not rest during more than two consecutive days in the same general area. The main exception to this, illustrated by points 33-37, occurred during the few days immediately preceding the onset of winter denning. On 25 November, 604 stopped shifting resting sites and remained at point 39. When located on 1 December, she was lying with two other young animals curled up at the base of a clump of 10-ft-high cedars, in a hollow formed by small shrubs and grasses covered with snow. They were still there 2 days later, and were captured, examined, radio-tagged and released.
Raccoon 605.-On 2 November, this adult female weighing 20 lb was captured, radio-tagged and released. Her teats were dark and enlarged, probably indicating that she had nursed a litter late into the summer. On 2 December we found her with at least one other raccoon, which may have been one of her young. Animal 605's resting sites were distributed over the same general area as 604's, which raises the question of whether 605 was 604's mother. However, the resting areas frequented most by 604 were little used by 605, and those used most by 605 were little used by 604 (cf . Figs. 4, 5) . Every resting site with the possible exception of point 19 was in either a cedar or an alder swamp.
All the distance parameters of 605's distribution of resting sites indicate that this individual had the least extensive distribution of all (Table 2) with most of the resting sites concentrated in two main areas. This individual also spent more consecutive days resting in a single general area than did the other animals, as is reflected in her relatively low A/C and A/D ratios (Table 2) .
On 26 November, 605 was at the resting site in which she remained until disturbed on 2 December. It was beneath the upturned roots of a blowndown tree, and the bed itself was padded with shredded chips of wood, apparently from the log. At least one other raccoon shared this bed with 605.
Raccoons 606, 607, 608.-These animals are considered together (Fig. 1 ) because few data were obtained for each, because they used the same general area and because they probably belonged to the same family. Number 606 was a young female weighing 13 lb when captured on 4 November. Data on only three resting sites were available for her, one site being in a cattail marsh, one in a woodlot (either in a hollow oak or a squirrel's nest) and another in a large hollow oak. The last location was the winter den, which she entered on 26 November and remained in for several weeks.
Raccoon 607, a 12-lb young female, was captured 11 November. We found her twice in the same hollow oak and then on 25 November in an alder swamp, where she and two others were curled up at the base of a clump of shrubs. One of the untagged individuals was a 14 lb, young male, apparently a littermate. When this group was disturbed, 607 and probably the other untagged animal ran to the same den tree to which 606 repaired that same night.
Adult female 608 weighed 19 lb when caught on 11 November; her teats were dark and conspicuous, so probably she had nursed some young that summer. We found her once in a hollow oak, and once in a woodlot within about 150 ft of 606. One animal was in a hollow tree and the other in a squirrel's nest, but the signals were too ambiguous to allow positive identification of individuals. On 24 November, 608 rested in a large hollow oak, which she either remained in or returned to on the 25th and 26th. This is the same tree to which 606, 607 and an untagged individual went on the night of the 25th. On the 26th, 606, 607, 608 and at least one untagged raccoon shared this tree. The next night, 608 shifted to another hollow oak about 1,600 ft away, where she remained for most of the winter. The other three and possibly one other animal stayed in the original tree for several weeks. 
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